Female Nile tilapia incubate fertilized eggs in their mouth until they are released as alevins. Consequently, the female may not eat during this period. Thus, it would be expected that female Nile tilapia are more adapted to recovering from fasting than males, which do not display this behavior. To test this hypothesis we conducted an experiment with two groups of fish consisting of 7 males and 7 females each, with one fish per aquarium. The experiment was divided into three phases involving adjustment of the animals to experimental aquaria (0-15th day), fasting (16th-27th day), and refeeding (27th-42nd day). Compensatory growth performance was assessed by specific growth rate, weight, food conversion efficiency and food intake. Food conversion efficiency increased after fasting with a similar rate for both sexes. However, specific growth rate, food intake and weight gain (%) were significantly higher in males than in females in the refeeding phase. Thus, we conclude that male Nile tilapia can compensate for a fasting period more efficiently than females, refuting our hypothesis. A possible mechanism involved in the greater male compensation is that they presented greater hyperphagia than females, concomitantly with a similar rate of food conversion efficiency for both sexes during refeeding, which would probably be provoking greater growth in males.
Introduction
Compensatory growth is a phenomenon defined as a phase of rapid growth following food deprivation. This compensatory response has been described for many fish species (1) (2) (3) (4) (5) (6) , including the Nile tilapia (7, 8) . Much attention has been focused on the phenomenon of compensatory growth, mainly in commercial fish species, because it is a way to ameliorate fish growth performance, since the compensatory growth can be so intense that fish exhibit a higher growth rate than those continuously fed. This represents a greater fish weight gain, as reported for sunfish by Hayward et al. (9) . For this reason, studies have been conducted on the factors that modulate this phenomenon such as duration of food restriction, age, speciesspecific differences (1), previous nutritional status (1, 10, 11) , and grouping (12, 13) . No study, however, has considered sex-related compensatory growth.
Many investigators have reported that the male tilapia grows more than the female (14) (15) (16) (17) (18) . According to Fryer and Iles (19) , the greater growth of the male is caused less by behavioral factors than by genetic causes. Ufodike and Madu (20) explained that an anabolism-enhancing effect of androgens causes the greater growth in male tilapia, while Toguyeni et al. (18) highlighted hormonal factors. On the other hand, Schreiber et al. (21) reported that female Nile tilapia reared individually (excluding male territorial aggression) might grow more than males, and explained that the greater male growth is probably caused by behavioral rather than physiological factors. Thus, greater female growth is restricted to particular situations for the Nile tilapia.
In the present study, we looked for another condition in which females would acquire greater growth than males. Nile tilapia (Oreochromis niloticus) is a mouthbrooding cichlid in which the female picks up the fertilized eggs and incubates them in her mouth until they are released as alevins (22, 23) . In this species, the mouthbrooding period ranges from 10 to 12 days (23), a period during which the female cannot feed (22) . Thus, fasting represents a more intense selection pressure for females than for males and, because of this, we may consider fasting to be a more familiar stimulus for females than for males. Therefore, we may expect different organic responses between sexes, since better growth compensatory mechanisms (such as better food conversion efficiency) may have been fixed in Nile tilapia females by sexual selection. Accordingly, we assumed that female Nile tilapia may be more prepared to respond to fasting and may present greater growth than males during this short phase of compensation after a fasting period. This hypothesis was tested in the present study. Since Nile tilapia is the most extensively cultivated cichlid in the world, understanding the factors that modulate compensatory growth in this species is an extremely important goal for aquaculture management. The operational indicators of growth chosen to estimate better compensation were weight, specific growth rate, food conversion efficiency, and food intake, all being well-established indicators of compensatory growth in fish (1) (2) (3) 10, 24) .
Material and Methods
Adult Nile tilapia, Oreochromis niloticus (Linnaeus 1759), were held for about 5 months in a 1200-liter tank (1 fish/4 liters). During this time, the water temperature averaged 24ºC, with continuous aeration through a biological filter. The animals were submitted to a photoperiod of 12-h light:12-h dark, with lights on at 6:00 am and were fed daily.
Experimental design and specific procedures
Seven males and seven females were chosen by weight (34.1 ± 1.2 and 34.4 ± 1.6 g, respectively, mean ± SD), and placed in the experimental aquarium (40 x 20 x 25 cm). The fish were studied completely isolated from one another (1 fish/aquarium). The experiment was divided into three phases involving adjustment of the animals to experimental aquaria (0-15th day), fasting (16th-27th day), and refeeding (28th-42nd day) according to a procedure adapted from Russell and Wootton (2) . Twelve days of fasting were scheduled because the duration of the mouthbrooding period in the Nile tilapia varies from 10 to 12 days (see Ref. 23) . Fish weight was sampled before and after each experimental phase, for a total of four sample weights. For this procedure each specimen was individually anesthetized by transporting it to a tank containing benzocaine solution (80 mg/l). Complete fasting was applied because it better resembles the mouthbrood situation, in which females do not feed at all throughout the mouthbrooding period. Moreover, a temporarily restricted feeding may not affect food conversion efficiency (25) . Also, Boujard et al. (11) suggested that a higher effect on food conver-sion efficiency occurs when fish are exposed to food deprivation instead of a period of food restriction. Hence, the use of complete fasting is more adequate for the induction of the full responses of compensatory growth, i.e., hyperphagia and the increase in both food conversion efficiency and specific growth rate.
Each fish was fed daily at 14:00 h throughout the experiment, except during the fasting period, with commercial dry pellets for tropical fish (Purina ® Ltda., Campinas, SP, Brazil) corresponding to the optimal protein diet (38%) for Oreochromis, as suggested by James and Sampath (26) . The quantity of food provided to each fish was 5% of their biomass (27) .
At each feeding, a known amount of food was added to each aquarium. Uneaten food was collected by siphoning 30 min later, dried to a constant weight and quantified. Thus, the daily food ingestion for each individual was inferred by calculating the difference between the dry weight of food before and after this handling. The rate of loss of uneaten food was evaluated in six replicates by adding a weighed amount of food to the aquarium containing only water for 30 min, after which uneaten food was collected, dried and reweighed (a procedure based on Qian et al. (5) for the estimate of rate of uneaten food loss). No loss of uneaten food due to leaching or breaking up during the 30-min exposure of food to both water and the slight movement of water caused by the biological filter was detected. Thus, it is unlikely that food intake and food conversion efficiency were overestimated.
During the experiment, the aquarium was equipped with a biological filter, and the water temperature averaged 25.83 ± 0.22ºC, pH ranged from 6.6 to 6.9, water-dissolved oxygen ranged from 5.53 to 6.87 mg/l, and nitrite and ammonia were lower than 0.5 and 0.1 mg/l, respectively. The photoperiod was set from 6:00 to 18:00 h (12-h light:12-h dark).
Calculations and statistical analysis
The following parameters of growth performance were calculated as described by Fu et al. (28) : specific growth rate = 100 (lnW flnW i ) Dt -1 ; food conversion efficiency = 100 (W f -W i ) I -1 ; food intake = 100 I 2Dt -1 (W f + W i ) -1 ; where Wf is the final and Wi the initial weight of the fish, I is the total dry food consumed during each experimental phase, and Dt is the time interval of each experimental phase (see above).
Weight was analyzed by considering the total gross body weight and percent body weight changes throughout the experimental phases.
The parameters assessed here were compared considering the differences between sexes in each experimental phase, using the Mann-Whitney U-test. Also, the within-sex differences throughout the experimental phases were evaluated by the Wilcoxon test (for two time points) or by Friedmans twoway ANOVA followed by Dunnetts multiple comparison test (for three or more time points). These statistical procedures were based on Lehner (29) .
Results
After the first 15 days, both male and female gross body weight increased significantly, followed by a statistically significant decrease immediately after fasting and an increase after refeeding (Figure 1) . However, there was no significant difference in significantly different between phases. Moreover, in the refeeding phase, male specific growth rate was significantly higher than female specific growth rate (Figure 2) . Conversion efficiency during the compensation phase was significantly higher in both sexes when compared to the period before fasting, but there was no difference between sexes (Figure 3) . Food intake by males during compensation was significantly higher than before fasting, but was not higher than female food intake during the refeeding phase (Figure 3) .
Discussion
Under the present experimental conditions, the parameters of growth performance were affected by food deprivation, indicating that the Nile tilapia displays compensatory growth while refeeding after fasting. Hence, the comparison of compensatory growth between male and female Nile tilapia should be valid and informative.
We observed that sex had a significant influence on compensatory growth. However, some indicators of growth performance studied here were higher in males, showing a higher compensation for fasting compared to females. Therefore, the hypothesis tested in the present study that females should be able to compensate for fasting better than males was refuted.
Food conversion efficiency increased similarly after fasting in the male and female Nile tilapia studied here. Similar results were described in other studies, where fasting generally induced a food conversion increase in mammals and birds (30) , as well as in fish (2, 3, 5) . However, these investigators did not consider sex differences. The results presented here indicate that the compensatory response of an increase in food conversion efficiency after fasting is not sex dependent in Nile tilapia.
An increase in food intake is another compensatory mechanism reported in fish gross body weight between the male and female groups throughout the experiment (Figure 1 ). On the other hand, percent body weight gain was higher in males than in females during the refeeding phase ( Figure  2) . The specific growth rate of each sex was (1-3,5). In the present study, we observed that only male Nile tilapia presented an increase in food intake after fasting. Thus, hyperphagia in response to fasting in this species depends on sex. The specific growth rate before and during fasting was similar for the male and female fish studied. However, a significant specific growth rate increase was observed for males during the refeeding phase. Toguyeni et al. (18) reported similar results for the same species, in which males and females expressed a similar specific growth rate at different feeding levels even during starvation. Nevertheless, these investigators did not study the specific growth rate during a refeeding period after fasting. Hence, it may be concluded that specific growth rate is affected by fasting, and that it is sex related in the Nile tilapia.
The mechanisms of compensation explained above indicate that Nile tilapia males can compensate for fasting better than females. Thus, a higher weight gain after the refeeding period for males is expected. Nevertheless, the mean gross weights of male and female Nile tilapia were similar. Probably, no difference was observed between sexes due to the short duration of the refeeding phase, which may have limited the increase in male gross body weight over that of females. However, when weight was analyzed by percentage, it was clear that males had greater growth than females during the refeeding phase. Another consideration is that fish were fed only once a day. This feeding regime probably had no effect in terms of limiting growth, as fish presented compensatory growth, showing that the feeding regime was adequate for fish growth. In fact, they exceeded their initial gross body weight after 15 days of refeeding. Thus, we consider that the feeding regime did not influence our major findings. Had we had a longer period of observation, we would probably have found a difference in gross weight between the sexes. Greater growth of males over females is very common among cichlids (15, 16, 31) , and this differential growth is related to many factors such as genotype (19) , androgen anabolism (20) , and hormonal differences (18) . Accordingly, selective forces may have provoked a fixation of these features that would contribute to greater male growth performance in cichlid species, possibly due to their behavior, because a greater body size is an important factor for a better execution of some behaviors such as territory defense, competition for females, or nest building (see 31, 32) . Thus, within this context, considering that fasting has been very frequent in the evolutionary history of female Nile tilapia behavior, it is expected that females would compensate for a fasting period more efficiently than males. However, this was not observed in the present study. Hence, we propose an explanation supported by an argument raised by Russell and Wootton (2) . These investigators assume that fish have a genetically predetermined growth trajectory, which is maintained by a homeostatic regulatory mechanism of both appetite and growth performance. Thus, these adjustments (e.g., compensatory growth after fasting) contribute to minimizing the discrepancy between the predetermined and achieved growth trajectory. The Nile tilapia has a very early sexual maturation, with an increase in intermale aggression and dispute for territory and females (33) . The time for the recovery of normal growth rate may reflect on body size and thus interfere with some Nile tilapia life processes, such as territorial disputes and social status (34, 35) . For this reason, a low compensation must suffice for growth requirements of Nile tilapia females, whereas males would require a greater compensation in order to resume their normal growth rate to minimize the decelerating effect of fasting on growth rate. The greater compensatory growth of males might represent a selective advantage in terms of greater body size benefit during intermale competition tasks.
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Finally, a possible mechanism involved in the greater male compensation is that they presented greater hyperphagia than females, concomitantly with a similar rate of food conversion efficiency for both sexes during refeeding (see Figure 3) , which would probably induce greater growth in males. However, further experiments should be conducted to improve our understanding of the role of food intake (and also of other mechanisms) in the greater compensation by male Nile tilapia compared to females. In the case of females, a question that may be raised is the possible physiological difference between a brooding Nile tilapia and the fish studied herein. In fact, growth in fish is mainly regulated by the brain neuroendocrine-growth hormone-insulin-like growth factor axis (36) . Growth hormone levels in the Nile tilapia tend to increase with the decrease in food levels (18) . Similarly, in a related cichlid, the Mozambique tilapia (Oreochromis mossambicus), growth hormone levels may also increase due to fasting, either by brooding or by experimental starvation, but with a different response profile (37) . Even so, no significant correlation was found between growth hormone levels and specific growth rate in the Nile tilapia (18) . On the other hand, different hormonal levels in estradiol, testosterone, and progesterone may occur between brooding and nonbrooding Nile tilapia (38) . Nevertheless, no correlation between steroid hormones and food intake or growth was reported for female Nile tilapia (18) . Furthermore, T 3 , but not T 4 , decreases due to food restriction in the Nile tilapia (18) . However, to our knowledge, there are no data comparing T 3 and T 4 responses between brooding and nonbrooding fish. Thus, according to the above considerations, physiological states between brooding female Nile tilapia and the fish used herein possibly did not mask the expected biological results. Even so, the relation among growth and hormonal differences in brooding and nonbrooding female Nile tilapia is a question that should be clarified in future studies.
